phenomena) and positive blood cultures associated with known RHD, congenital heart disease or no significant heart disease (NSHD) with a newly acquired murmur (121 episodes); (2) the classical clinical profile for BE in patients with existing RHD or congenital heart disease and fever of at least seven days duration, but with negative bacterial blood cultures (19 episodes) . In nine instances, BE was not suspected clinically but diagnosed only at autopsy. The cardiac diagnosis was defined at cardiac catheterization in 64 patients (45%), surgery in three (2%), postmortem examination in 22 (16%) and by clinical assessment alone in 52 (37%). The frequency of predisposing RHD may be facticiously low since many of these patients during this 40 year time span were treated for BE at The House of the Good Samaritan. Bias in the study was unavoidable considering our interest in cardiac patients and the use of the institution as a referral center for patients with severe cardiac malformations or those requiring surgery. The antimicrobial therapy of BE was not analyzed in detail. With few exceptions,' all patients were treated by the intravenous administration of antibiotics for six weeks in accordance with previously outlined guidelines from this institution.2
Results

General
There were 149 episodes of BE in 141 patients between 1933 and 1972. Six patients had two episodes of BE while one person had three separate attacks of alpha Streptococcal endocarditis. Over-all, there were 97 survivors (65%) but the survival rate during the antibiotic era was 76%. Table 1 depicts the increasing survival rate, the absolute as well as relative increase in the number of cases of BE per 1000 hospital admissions, the increasing number of patients with congenital heart disease, and an increasingly older patient population. Abbreviations: CHD -congenital heart diseasse; RHD = rheumatic heart disease; NSHD -no significant heart disease.
Predisposing Factors
In coma, extensive third degree burns, and epidermolysis bullosa.
Admission Findings
The mean duration of symptoms in all patients, from onset to diagnosis, was 35 days (range: 0-365). During the second half of the survey, the mean duration of illness prior to the diagnosis of BE was 30 days in the total population of 108 patients. Among 84 survivors, it was 32 days and in the 24 patients dying from BE, 22 days elapsed from onset to admission. The shorter duration of illness among the nonsurvivors suggests a more fulminant course.
Fever was present on admission in 87%, splenomegaly in 65%, while petechiae were seen less frequently (42%). Fifty-one patients (34%) had congestive heart failure (CHF) on admission while in an additional seven (5%) cardiac decompensation occurred during hospitalization. The development of a new murmur, or a changing murmur, was observed in 32 patients (21%). Five of 17 patients with NSHD acquired a murmur of mitral regurgitation, three a murmur of aortic insufficiency and one of tricuspid regurgitation. In patients with underlying structural heart disease, an aortic diastolic murmur developed in 13 instances: of these, aortic stenosis (AS) was present in five, ventricular septal defect (VSD) in two, tetralogy of Fallot (TOF) in three, transposition of the great arteries (TGA) in one, RHD in one and unknown type congenital heart disease in one. A murmur of mitral insufficiency was observed five times: RHD was present in two, congenital mitral stenosis (MS) in two and repaired endocardial cushion defect (ECD) in one. A new murmur of a VSD occurred shortly after complete surgical correction in two patients with TOF. In one case of BE associated with a VSD, a distinct change in the quality of the murmur suggested narrowing of the defect by the vegetation. Pulmonary regurgitation appeared in one patient with a ventricular septal defect and a double chambered right ventricle, while tricuspid regurgitation occurred in one case of endocarditis associated with an ECD, necessitating a tricuspid valve replacement. In 32 Anemia was a relatively common laboratory finding and related in the 83 acyanotic patients to the duration of symptoms prior to admission. Among 45 patients with hemoglobin concentrations less than 11.0 g/100 ml, the average duration of symptoms was 54 days, whereas in 34 patients with hemoglobin concentrations equal to or greater than 11.0 g/100 ml, the mean length of illness, prior to diagnosis, was 28 days. Similar findings could not be documented in patients with cyanotic congenital heart disease.
Etiology and Outcome
Pathogenic bacterial organisms were isolated from the blood in 130 instances (87%). The mortality rate decreased from 100% in the first decade to 27% in the next two 10 year periods, and to 19% in the period from 1963 through 1972. Only 5% (2/44) of total deaths during the latter 20 year period were in patients with alpha Streptococcal BE. The mortality in this group decreased during the last three decades from 30% to 9%. Thirty-three percent (11/33) of the deaths in the first 20 years were caused by S. aureus; seven of these eleven deaths succumbed from early infectious complications: untreated septicemia, septic central nervous system (CNS) emboli and dissecting myocotic apeurysm. The remaining four died with CHF caused by aortic insufficiency (three cases) and by recurrence of a VSD in a postoperative patient with TOF. There was no relationship between mortality in staphylococcal BE and the following clinical features: duration of illness prior to onset of definitive treatment, underlying cardiac disease or prior antimicrobial treatment. There may be an improvement in the outcome of S. aureus endocarditis in the last 20 years from 50% to less than 25% but the numbers are too small to be analyzed statistically. The cases without identifiable organisms had close to a 50% mortality.
Cardiac Anatomy and Physiology
The 149 episodes of BE are classified by underlying cardiac structure in table 4. TOF was the single most common lesion throughout the entire study period, accounting for 33% (35/108) of the episodes of BE in the most recent 20-year period in contrast to 5% (2/41) in the previous two decades (X2 = 13.5: P < 0.01). Other cyanotic congenital heart lesions (transposition of the great arteries, single ventricle, and tricuspid atresia) also had a similar increase in Abbreviations: TOF = tetralogy of Fallot; VSD -ventricular septal defect; NSHD = no significant heart disease; AS = aortic stenosis; RHD = rheumatic heart disease; PDA = patent ductus arteriosus; D-TGA = dextro transposition of the great arteries; CHD = congenital heart disease.
frequency within the past two decades corresponding to the longer survival following palliative surgery. By contrast, patent ductus arteriosus (PDA) has not been a focus for BE in the last ten years of the survey; there has also been a decline in the relative frequency of BE related to RHD and congenital heart disease of the left-to-right shunt variety. Throughout the entire period, isolated valvular pulmonic stenosis (PS) has rarely been the site for BE (4 cases) and in no instance has an atrial septal defect of the secundum variety been involved in BE. None of the anatomic subgroups of CHD showed predilection for a specific bacterial organism. Of the 37 patients with TOF, 23 had palliative aorticopulmonary shunts (including Pott's in 18, Blalock-Taussig in four and Waterston in one).
Among the ten patients with ventricular septal defect whose pulmonary blood flows were determined at cardiac catheterization, nine had small left-to-right shunts (mean pulmonary/systemic flow ratio = 1.4; range = 1.0-2.0), while the remaining patient with a left ventricular to right atrial shunt had the largest pulmonary/systemic flow ratio (3.2 Pulmonary emboli occurred in 18 instances (17%) and most commonly among patients with either VSD or TOF. In no instance was death related to this complication.
The appearance and time course of congestive heart failure varied according to the underlying anatomic lesion. In most instances, CHF was present at the time of admission; persistence beyond the immediate treatment period was associated with aortic valvar incompetence or less commonly, with mitral regurgitation. Aortic stenosis had the highest incidence of associated CHF (8/13); in five of these, it was due to Abbreviations: PE = pulmonary embolus; CHF = congestive heart failure; CNS = central nervous system; AR = aortic regurgitation; ECD -endocardial cushion defect; L-R = left-to-right shunt; for others see Table 6 Postmortem Cardiac Anatomic category (number) NSHD (9) TOF (2) VSD (3) RHD MS (1) MR (2) AS (7) LTGA-VSD-PS (1) PS (1) PDA (1) ECD (3) Findings ( Six of the seven patients with AS had deformed aortic valves; bicuspid in five instances and dysplastic in one case. The seventh patient had Williams Syndrome with supravalvular stenosis and dissection of an aortic arch aneurysm. Progression of endocarditis from an aortic leaflet to the anterior leaflet of the mitral valve occurred in two cases, while occlusion of the main left coronary artery by a large sterile thrombus was seen once. In one patient with TOF, the aortic regurgitation was due to perforation of the aortic valve leaflet. A second TOF patient with unsuspected BE and occlusion of his Waterston shunt by vegetations had increasing cyanosis clinically, and loss of the continuous shunt murmur.
Mycotic aneurysms, of the heart and great arteries, developed in a PDA, the main pulmonary artery, and the ascending and transverse aortic arch each in one patient.
Eighteen of 30 patients had postmortem CNS examinations. Among the seven who did not receive antibiotic treatment, five had meningitis and two multiple, septic CNS foci. In the eleven patients treated for BE, meningitis was present in three. Multiple septic emboli were seen in eight patients all with left-sided valvar involvement. There was no case of mycotic CNS aneurysm or brain abscess.
Peripheral arterial embolization was present in the superior mesenteric artery (three cases), the brachial artery (one case) but in no instance did perforation of the vessel occur. There was no progressive nephropathy, including proliferative glomerulonephritis, although focal embolic phenomena were frequently encountered (46%).
Surgical Endocarditis
Seven patients acquired BE within three months of cardiac surgery. The preoperative diagnoses were TOF in four, VSD and aortic regurgitation, aortic stenosis and atrioventricular canal in one each. All received antibiotics beginning the evening before operation and for five to seven days following operation (erythromycin and chloramphenicol in three, penicillin and streptomycin in two and ampicillin and oxacillin in two). Each case underwent cardiopulmonary bypass and BE was suspected in every instance. Onset of symptoms ranged from one to seven weeks after cardiac surgery. The only clinical manifestation common to all patients was fever. Congestive heart failure developed in two patients with dehiscence of the VSD patch following TOF repair. Blood cultures were positive in six instances (S. aureus in two, S. albus in two, alpha Streptococcus in one, and Pseudomonas in one). Five of the seven patients died; two at reoperation for VSD closure and one each from sepsis, massive hemorrhage (dehiscence of aortotomy patch) and unexplained cause. At postmortem examination or at surgery, bacteria could be identified histologically within the vegetation in all instances, despite parenteral antimicrobial therapy ranging from eight to 28 days.
Discussion
Despite the introduction of effective antimicrobial agents 35 years ago, BE still causes significant morbidity in our institution. Unlike data in adults35 which indicate a decline in the frequency of BE related hospital admissions, our data demonstrate an absolute as well as a relative increase in the number of cases of endocarditis since 1933. Early recognition of congenital heart disease with increased survival due to medical and surgical treatment have produced an older and growing population susceptible to BE. Moreover, reports from this institution6 and other pediatric centers7' 8 have emphasized the declining frequency of RHD as a site for bacterial localization; since 1962, only two cases (5%) have had underlying RHD, compared with 21% in the first decade of this survey. In large part, recognition and treatment of streptococcal pharyngitis, along with improving socioeconomic conditions, have reduced the frequency of rheumatic heart disease in our patient population. 9 The source of bacteremia was identified in 21 % of our cases; oral surgical procedures were the most common, and potentially preventable source for blood stream contamination.10-12 Bacterial endocarditis following cardiac catheterization is extremely rare in our experience and was uniformly associated with suppurative endarteritis at the cutdown site; percutaneous cannulations may diminish even this small risk factor. Despite the relatively large number of patients with immunodeficient disease in our hospital, only two such cases with associated BE could be identified: one each with orbital rhabdomyosarcoma, and juvenile rheumatoid arthritis on corticosteroid therapy.
The recovery of micro-organisms in 87% of our cases is comparable to the 80-86% recovery rate reported elsewhere. 7 8, 13, 14 Bennett and Beeson`5 emphasized the constant nature of bacteremia and concluded that culturing the blood at the time of a temperature spike is unnecessary; other data16 suggest that, against the background of persistent bacteremia, periodic showers of organisms do precede febrile episodes. Arterial rather than venous sampling does not improve recovery.'5 Seventy-seven percent of our cases with positive blood cultures had organisms isolated in the first cultures obtained. This is similar to experience cited in the literature. 17 (table 3) .
Looking at congenital heart disease and BE over a 40-year period, certain patterns emerge from this series: there is a rising frequency of cyanotic congenital heart disease and a concomitant decline in the importance of left-to-right shunts as sites of bacterial invasion. Although numerically smaller, the AS group contributes the major proportion to morbidity and mortality in the last ten years. Among the left-to-right shunt groups, the pulmonary-to-systemic flow ratios are usually small while in patients with semilunar stenosis, the pressure gradients are large. Careful epidemiologic studies by Shah et Early recognition of endocarditis and its complications should lead to improved mortality and morbidity figures. Aggressive surgical intervention in selective cases may alter the catastrophic consequences of aortic valve destruction. 30 31 Corrective surgery has resulted in a marked decline in the frequency of BE among patients with PDA and VSD. Whether early corrective, rather than palliative surgery, will abolish the predisposition to bacterial endocarditis in children with TOF or obstructive cardiac lesions remains unknown.
